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Description

TECHNICAL FIELD

[0001] The present invention relates to a sputtering target for forming a Ag alloy film (Ag alloy reflective film, Ag alloy
conductive film, Ag alloy semi-transparent film), a Ag alloy film, a Ag alloy reflective film, a Ag alloy conductive film, and
a Ag alloy semi-transparent film, in which the Ag alloy film is used for, for example, a light reflection layer of a display,
a light-emitting element used for illumination, an optical recording disk, and the like; a wiring of a touch panel and the
like; an infrared ray cut film; or a transparent conductive film.
[0002] Priority is claimed on Japanese Patent Application No. 2013-010070, filed January 23, 2013 and Japanese
Patent Application No. 2014-004584, filed January 14, 2014, the contents of which are incorporated herein by reference.

BACKGROUND ART

[0003] In general, in order to improve light extraction efficiency, a light reflection layer is formed in, for example, a
display such as an organic EL or a reflective liquid crystal, a light-emitting element such as an LED, or an optical recording
disk. Here, a Ag film and a Ag alloy film formed of Ag and a Ag alloy have high reflectance and thus are widely used as
the above-described light reflection layer.
[0004] For example, Patent Document 1 discloses that a Ag alloy is used as a constituent material of a repeller of an
organic EL element.
[0005] Patent Document 2 discloses that Ag or a Ag alloy reflecting light with high efficiency is used as a constituent
material of an electrode of a semiconductor light-emitting element.
[0006] Patent Document 3 discloses that Ag or a Ag alloy is used as a constituent material of a reflective layer of an
optical recording medium.
[0007] In addition, a Ag film and a Ag alloy film are used, for example, not only for the above-described uses but also
for a reflective mirror for an optical device, a reflective layer for a solar cell, and a reflector of an illumination device.
[0008] Additionally, the Ag film and the Ag alloy film described above are superior in conductivity and thus are used
as a lead-out wiring of a touch panel, for example, as disclosed in Patent Document 4. Further, as disclosed in Patent
Document 5, a Ag film having a thin thickness is used as a semi-transparent film. The semi-transparent film formed of
Ag is used as a transparent conductive film for a display or as an anode of a bottom emission organic EL.

Citation List

Patent Document

[0009]

[Patent Document 1] Japanese Unexamined Patent Application, First Publication No. 2012-059576
[Patent Document 2] Japanese Unexamined Patent Application, First Publication No. 2006-245230
[Patent Document 3] Japanese Unexamined Patent Application, First Publication No. 2004-322556
[Patent Document 4] Japanese Unexamined Patent Application, First Publication No. 2009-031705
[Patent Document5] Japanese Patent No. 4395844

DISCLOSURE OF INVENTION

Technical Problem

[0010] However, a Ag film formed of pure Ag is superior in optical characteristics such as reflectance or transmittance
but is insufficient in environment resistance (resistance to a moisture-resistant environment). Therefore, optical charac-
teristics such as reflectance or transmittance deteriorate in a usage environment, and thus there is a problem in reliability
during long-time use.
[0011] In addition, in the light-emitting element and the display described above, a high-temperature heat treatment
is performed during a manufacturing process thereof. Therefore, the reflectance of a Ag film or a Ag alloy film is decreased
after the heat treatment, and there is a concern that sufficient characteristics cannot be exhibited. Therefore, a Ag alloy
film is required which is capable of preventing a decrease in reflectance even after a heat treatment while maintaining
reflectance as high as that of a pure Ag film.
[0012] Further, when a Ag film formed of pure Ag is used as a wiring, there is a problem in that grains thereof grow
in a hot and humid environment, and a specific resistance value changes. In addition, pure Ag is insufficient in various
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resistances such as salt water resistance, heat resistance, and moisture resistance. Therefore, a Ag film formed of pure
Ag may be modified in a usage environment or a manufacturing process.
[0013] The present invention has been made in consideration of the above-described circumstances, and an object
thereof is to provide a sputtering target for forming a Ag alloy film capable of forming a Ag alloy film; a Ag alloy film; and
a Ag alloy conductive film, a Ag alloy reflective film, and a Ag alloy semi-transparent film which are formed of the Ag
alloy film, in which optical characteristics such as reflectance or transmittance are superior, a specific resistance value
is low, various resistances such as heat resistance and environment resistance are superior, the reflectance does not
significantly change even after a heat treatment, and the optical characteristics such as reflectance or transmittance
and the specific resistance value do not significantly change in a usage environment.

Solution to Problem

[0014] According to the present invention, in order to solve the above-described problems, there is provided a sputtering
target for forming a Ag alloy film, the sputtering target includes, as a composition, 0.2 at% or higher and 2.0 at% or lower
of Sb, 0.05 at% or higher and 1.00 at% or lower of Mg, and a balance consisting of Ag and inevitable impurities.
[0015] In the sputtering target for forming a Ag alloy film having the above-described configuration, the Sb content is
0.2 at% or higher. Therefore, heat resistance and environment resistance can be improved, a significant decrease in
reflectance can be suppressed even when a heat treatment or the like is performed during a manufacturing process
after film formation, and optical characteristics such as reflectance or transmittance and a specific resistance value do
not significantly change during long-time use. In addition, the Sb content is 2.0 at% or lower. Therefore, superior optical
characteristics and a low specific resistance value can be maintained immediately after film formation.
[0016] In addition, the Mg content is 0.05 at% or higher. Therefore, grain growth of Ag can be suppressed, heat
resistance can be significantly improved due to the synergistic effect with Sb, and salt water resistance can be improved.
In addition, the Mg content is 1.00 at% or lower. Therefore, while securing superior optical characteristics and a low
specific resistance value, a significant change in the optical characteristics such as reflectance or transmittance and the
specific resistance value in a hot and humid environment can be suppressed.
[0017] Due to the above-described reasons, a Ag alloy film can be formed in which optical characteristics immediately
after film formation are superior, a specific resistance value is low, the reflectance does not significantly change even
when a heat treatment or the like is performed during a manufacturing process after film formation, and optical charac-
teristics such as reflectance or transmittance and a specific resistance value do not significantly change in a usage
environment.
[0018] In the sputtering target for forming a Ag alloy film according to the present invention, it is preferable that an
atomic ratio of Sb to Mg satisfies 1.0≤Sb/Mg≤40.0.
[0019] In this case, a Ag alloy film can be formed in which a change in the reflectance and the resistance value in a
hot and humid environment is small.
[0020] According to the present invention, there is provided a Ag alloy film which is formed using the above-described
sputtering target for forming a Ag alloy film.
[0021] In the Ag alloy reflective film according to the present invention having the above-described configuration,
various resistances such as heat resistance and environment resistance are superior, the reflectance does not signifi-
cantly change even when a heat treatment or the like is performed during a manufacturing process after film formation,
and optical characteristics such as reflectance or transmittance and a specific resistance value do not significantly change
in a usage environment.
[0022] According to the present invention, there is provided a Ag alloy reflective film which is formed using the above-
described sputtering target for forming a Ag alloy film.
[0023] In the Ag alloy reflective film having the above-described configuration, various resistances such as heat re-
sistance and environment resistance are superior, the reflectance does not decrease even when a heat treatment or
the like is performed during a manufacturing process after film formation, and the reflectance does not significantly
change in a usage environment. Therefore, the Ag alloy reflective film is particularly suitable as a light reflection film of,
for example, a light-emitting element such as an LED, a display such as an organic EL or a reflective liquid crystal, or
an optical recording disk.
[0024] According to the present invention, there is provided a Ag alloy conductive film which is formed using the above-
described sputtering target for forming a Ag alloy film.
[0025] In the Ag alloy conductive film having the above-described configuration, various resistances such as environ-
ment resistance and salt water resistance are superior. Therefore, the appearance does not change due to corrosion
in a usage environment. Therefore, the Ag alloy conductive film is particularly superior as a conductive film.
[0026] According to the present invention, there is provided a Ag alloy semi-transparent film which is formed using
the above-described sputtering target for forming a Ag alloy film.
[0027] In the Ag alloy semi-transparent film having the above-described configuration, environment resistance is
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superior, and the transmittance does not significantly change even in a usage environment. Therefore, the Ag alloy
semi-transparent film is particularly superior as a semi-transparent film.
[0028] In the Ag alloy reflective film according to the present invention, it is preferable that the reflectance in a wavelength
region of 405 nm to 550 nm is 85% or higher.
[0029] In the Ag alloy conductive film according to the present invention, it is preferable that a specific resistance is
10 mΩ·cm or less.
[0030] Further, in the Ag alloy semi-transparent film according to the present invention, it is preferable that a thickness
is 15 nm or less; and that an average transmittance in a wavelength region of 350 nm to 850 nm is 35% or higher.

Advantageous Effects of Invention

[0031] As described above, according to the present invention, a sputtering target for forming a Ag alloy film capable
of forming a Ag alloy film; a Ag alloy film; and a Ag alloy conductive film, a Ag alloy reflective film, and a Ag alloy semi-
transparent film which are formed of the Ag alloy film can be provided, in which optical characteristics such as reflectance
or transmittance are superior, a specific resistance value is low, various resistances such as heat resistance and envi-
ronment resistance are superior, the reflectance does not significantly change even after a heat treatment, and the
optical characteristics such as reflectance or transmittance and the specific resistance value do no significant change
in usage environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is an image of an example whose appearance observation result was evaluated as "B" after a temperature
and humidity controlled test in Example 2.
FIG. 2 is an image of an example whose appearance observation result was evaluated as "C" after the temperature
and humidity controlled test in Example 2.
FIG. 3 is an image of an example whose appearance observation result and optical microscope observation result
were evaluated as "A" after a salt water test in Example 2.
FIG. 4 is an image of an example whose appearance observation result and optical microscope observation result
were evaluated as "B" after the salt water test in Example 2.
FIG. 5 is an image of an example whose appearance observation result and optical microscope observation result
were evaluated as "C" after the salt water test in Example 2.

BEST MODE FOR CARRYING OUT THE INVENTION

[0033] Hereinafter, a sputtering target for forming a Ag alloy film and a Ag alloy film according to an embodiment of
the present invention will be described.
[0034] The sputtering target for forming aAg alloy film according to the embodiment is used for forming a Ag alloy film.
Here, the Ag alloy film according to the embodiment is used as, for example, a Ag alloy reflective film which is used as
a light reflection layer of a display, a light-emitting element, and the like; a Ag alloy conductive film which constitutes a
wiring forming a panel surface peripheral portion of a touch panel; and a Ag alloy semi-transparent film which is used
as a transparent conductive film or an infrared ray cut film.

<Sputtering Target for Forming Ag Alloy Film>

[0035] The sputtering target for forming a Ag alloy film according to the embodiment is formed of a Ag alloy including,
as a composition, 0.2 at% (atomic percent) or higher and 2.0 at% or lower of Sb, 0.05 at% or higher and 1.00 at% or
lower of Mg, and a balance consisting of Ag and inevitable impurities.
[0036] Hereinafter, the reason why the composition of the sputtering target for forming a Ag alloy film according to the
embodiment is limited as described above will be described.

Sb: 0.2 at% or higher and 2.0 at% or lower

[0037] Sb is an element having an effect of improving heat resistance and environment resistance (resistance to a
hot and humid environment).
[0038] Here, when the Sb content is lower than 0.2 at%, heat resistance and environment resistance are not sufficiently
improved. On the other hand, when the Sb content exceeds 2.0 at%, the reflectance immediately after film formation is
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low, and characteristics as a reflective film may not be maintained. In addition, the specific resistance value increases,
the transmittance decreases, and characteristics as a conductive film or a semi-transparent film may not be maintained.
[0039] Due to the above-described reasons, in the embodiment, the Sb content is set in a range of 0.2 at% or higher
and 2.0 at% or lower. In order to reliably exhibit the above-described effects, it is preferable that the Sb content be in a
range of 0.3 at% or higher and 1.5 at% or lower.

Mg: 0.05 at% or higher and 1.00 at% or lower

[0040] Mg is an element having an effect of suppressing the grain growth of Ag in a hot and humid environment. In
addition, due to the synergistic effect with the above-described addition of Sb, Mg also has an effect of improving heat
resistance at a high temperature. In addition, Mg also has an effect of improving salt water resistance.
[0041] Here, when the Mg content is lower than 0.05 at%, the grain growth is not sufficiently suppressed, and heat
resistance and environment resistance may not be improved. In addition, salt water resistance may also not be improved.
On the other hand, when the Mg content exceeds 1.00 at%, the reflectance in a hot and humid environment is greatly
decreased, and characteristics as a reflective film may not be maintained. In addition, the specific resistance value
increases, the transmittance decreases, and characteristics as a conductive film or a semi-transparent film may not be
maintained.
[0042] Due to the above-described reasons, in the embodiment, the Mg content is set in a range of 0.05 at% or higher
and 1.00 at% or lower. In order to reliably exhibit the above-described effects, it is preferable that the Mg content be in
a range of 0.10 at% or higher and 0.50 at% or lower.
[0043] In addition, by setting the Mg content such that an atomic ratio of Mg to Sb satisfies 1.0≤Sb/Mg≤40.0, a change
in the reflectance and the resistance value in a hot and humid environment can be further decreased.

<Ag Alloy Film>

[0044] As described above, the Ag alloy film according to the embodiment is used as a light reflection layer of a display,
a light-emitting element, and the like. In the above-described uses, it is required that the reflectance to light having a
specific wavelength be high or a reflectance to light in a wide wavelength region be high. In addition, when a light reflection
layer is formed during a manufacturing process of a display or a light-emitting element, a heat treatment is performed
at, for example, 250°C or higher, after forming the light reflection layer. Therefore, it is necessary to maintain a high
reflectance after the heat treatment. Further, in order to improve reliability, it is preferable that the reflectance is stable
after long time use without a significant change.
[0045] Further, as described above, the Ag alloy film according to the embodiment is used as a Ag alloy reflective film
which is used as a light reflection layer of a display, a light-emitting element, and the like; a Ag alloy conductive film
which constitutes a wiring forming a panel surface peripheral portion of a touch panel; and a Ag alloy semi-transparent
film which is used as a transparent conductive film or an infrared ray cut film. In the above-described uses, it is required
that the specific resistance value be low or the transmittance be high. Further, in a usage environment, it is required that
the specific resistance value and the transmittance be stable after long time use without a significant change.
[0046] In the sputtering target for forming a Ag alloy film and the Ag alloy film (Ag alloy reflective film, Ag alloy conductive
film, Ag alloy semi-transparent film) according to the embodiment having the above-described configuration, the Sb
content is 0.2 at% or higher and 2.0 at% or lower. Therefore, optical characteristics such as reflectance or transmittance
are superior immediately after film formation, a specific resistance value is low, and heat resistance is superior. As a
result, a significant change in reflectance can be suppressed even after a heat treatment. Further, since environment
resistance is superior, optical characteristics such as reflectance or transmittance and a specific resistance value do not
significantly change after long-time use.
[0047] In addition, since the Mg content is 0.05 at% or higher and 1.00 at% or lower, optical characteristics such as
reflectance or transmittance are superior immediately after film formation, a specific resistance value is low, the grain
growth of Ag can be suppressed, and heat resistance and environment resistance can be improved.
[0048] Due to the above-described reasons, a Ag alloy film (Ag alloy reflective film, Ag alloy conductive film, Ag alloy
semi-transparent film) can be formed in which the reflectance is superior even when a heat treatment or the like is
performed during a manufacturing process after film formation, a specific resistance value is low, and optical character-
istics such as reflectance or transmittance and a specific resistance value do not significantly change in a usage envi-
ronment.
[0049] In addition, the Ag alloy film (Ag alloy reflective film, Ag alloy conductive film, Ag alloy semi-transparent film)
according to the embodiment is formed using the above-described sputtering target for forming a Ag alloy film and thus
is superior in heat resistance. Therefore, even when a heat treatment is performed at a relatively high temperature of
250°C or higher during a manufacturing process of a display or a light-emitting element, the reflectance does not sig-
nificantly change. In addition, since the Ag alloy film is also superior in environment resistance, optical characteristics
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such as reflectance or transmittance and a specific resistance value are stable without a significant change even in a
usage environment.
[0050] Hereinabove, the embodiment of the present invention has been described. However, the present invention is
not limited to the embodiment, and appropriate modifications can be made within a range not departing from the technical
scope of the present invention.
[0051] For example, in the above description of the embodiment, the Ag alloy film according to the embodiment is
used as, for example, a Ag alloy reflective film which is used as a light reflection layer of a display, a light-emitting
element, and the like; a Ag alloy conductive film which constitutes a wiring forming a panel surface peripheral portion of
a touch panel; and a Ag alloy semi-transparent film which is used as a transparent conductive film or an infrared ray cut
film. However, the present invention is not limited to the above-described uses and is applicable to other uses.

EXAMPLES

(Example 1)

[0052] Hereinafter, the results of evaluation tests will be described in which the effects of the sputtering target for
forming a Ag alloy film and the Ag alloy film (Ag alloy reflective film) according to the present invention were evaluated.

<Sputtering Target for Forming Ag Alloy Film>

[0053] As raw materials to be melted, Ag having a purity of 99.9 mass% or higher, and Sb and Mg having a purity of
99.9% mass% or higher were prepared and were weighed so as to obtain a predetermined composition shown in Table 1.
[0054] Next, using a melting furnace, Ag was melted in an inert gas atmosphere, and then Sb and Mg were added to
the obtained molten Ag and were melted in an inert gas atmosphere. Next, the molten alloy was cast into a mold to
obtain an ingot having a composition shown in Table 1. More specifically, during the melting of Ag, a vacuum atmosphere
(5310-2 Pa or lower) was made first, and then the vacuum was replaced with Ar gas. In addition, the addition of Sb and
Mg was performed in an Ar gas atmosphere.
[0055] Next, the obtained ingot was cold-rolled into a sheet at a rolling reduction of 70%, and the obtained sheet was
subjected to a heat treatment of being held in air at 600°C for 2 hours. Next, the sheet was subjected to machining. As
a result, sputtering targets having compositions of Examples 1 to 9 according to the present invention and sputtering
targets having compositions of Comparative Examples 1 to 4 were prepared, for all of which the diameter was 152.4
mm and the thickness was 6 mm.
[0056] In addition, as Conventional Example, a sputtering target formed of pure Ag (having a purity of 99.9 mass% or
higher) and having the above-described dimensions was prepared.

<Ag Alloy Reflective Film>

[0057] Using the above-described sputtering targets of Examples 1 to 9 according to the present invention and Com-
parative Examples 1 to 4, Ag alloy films (Ag alloy reflective films) were formed under the following conditions.
[0058] Each of the above-described sputtering targets of Examples 1 to 9 according to the present invention and
Comparative Examples 1 to 4 was soldered to a backing plate of oxygen-free copper using an indium solder to constitute
a target complex. This target complex was mounted on a sputtering device to perform sputtering under conditions of: a
distance from a glass substrate (EAGLE XG, manufactured by Corning Inc.) of 70 mm; a power of DC 250 W; an ultimate
vacuum degree of 5310-5 Pa; and an Ar gas pressure of 0.6 Pa. As a result, a sample was prepared in which a Ag alloy
film (Ag alloy reflective film) having a thickness of 100 nm was formed on a surface of the glass substrate.
[0059] The above-described sputtering target of Conventional Example was soldered to a backing plate of oxygen-
free copper using an indium solder to constitute a target complex. This target complex was mounted on a sputtering
device to perform sputtering under the same conditions as above. As a result, a sample was prepared in which a Ag
film (Ag reflective film) having a thickness of 100 nm was formed on a surface of the glass substrate.

<Measurement of Reflectance>

[0060] The reflectance R0 of each of the above-obtained Ag alloy film (Ag alloy reflective film) and the above-obtained
Ag film (Ag reflective film) immediately after film formation was measured using a spectrophotometer and light in a
wavelength region of 800 nm to 400 nm. The reflectance of light having a wavelength of 405 nm is shown in Table 1,
the reflectance of light having a wavelength of 450 nm is shown in Table 2, and the reflectance of light having a wavelength
of 550 nm is shown in Table 3.
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<Heat-Resistance Test>

[0061] The above-described sample was subjected to a heat treatment under conditions of a nitrogen atmosphere, a
temperature of 500°C, and a holding time of 1 hour.
[0062] The reflectance R1 of each of the Ag alloy film (Ag alloy reflective film) and the Ag film (Ag reflective film) after
this heat-resistance test was measured using the same method as above. A change amount (R1-R0) between the
reflectances before and after the heat-resistance test was obtained. The reflectance of light having a wavelength of 405
nm after the heat-resistance test and a change amount of the reflectance are shown in Table 1. The reflectance of light
having a wavelength of 450 nm after the heat-resistance test and a change amount of the reflectance are shown in Table
2. The reflectance of light having a wavelength of 550 nm after the heat-resistance test and a change amount of the
reflectance are shown in Table 3.

<Temperature and Humidity Controlled Test (Moisture-Resistant Test)>

[0063] The above-described sample was left to stand in a thermostat at a temperature of 85°C and a humidity of 85%
for 250 hours.
[0064] The reflectance R2 of each of the Ag alloy film (Ag alloy reflective film) and the Ag film (Ag reflective film) after
this temperature and humidity controlled test was measured using the same method as above. A change amount (R2-R0)
between the reflectances before and after the temperature and humidity controlled test was obtained. The reflectance
of light having a wavelength of 405 nm after the temperature and humidity controlled test and a change amount of the
reflectance are shown in Table 1. The reflectance of light having a wavelength of 450 nm after the temperature and
humidity controlled test and a change amount of the reflectance are shown in Table 2. The reflectance of light having a
wavelength of 550 nm after the temperature and humidity controlled test and a change amount of the reflectance are
shown in Table 3.
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[0065] In Comparative Example 1 in which the Sb content was lower than the range of the present invention, in all the
wavelengths of 405 nm, 450 nm, and 550 nm, the reflectance after the heat-resistance test was low, and the change
amount between the reflectances before and after the temperature and humidity controlled test was large.
[0066] In Comparative Example 2 in which the Sb content was higher than the range of the present invention, in all
the wavelengths of 405 nm, 450 nm, and 550 nm, the reflectance immediately after film formation was low.
[0067] In Comparative Example 3 in which the Mg content was lower than the range of the present invention, in all
the wavelengths of 405 nm, 450 nm, and 550 nm, the reflectance after the heat-resistance test was low.
[0068] In Comparative Example 4 in which the Mg content was higher than the range of the present invention, in all
the wavelengths of 405 nm, 450 nm, and 550 nm, the change between the reflectances before and after the temperature
and humidity controlled test was large.
[0069] In Conventional Example in which pure Ag was used, in all the wavelengths of 405 nm, 450 nm, and 550 nm,
the reflectance after the heat-resistance test was low, and the change amount between the reflectances before and after
the temperature and humidity controlled test was large.
[0070] On the other hand, in Examples 1 to 9 according to the present invention in which the contents of Sb and Mg
were in the range of the present invention, in all the wavelengths of 405 nm, 450 nm, and 550 nm, the reflectance
immediately after film formation was high, and the reflectance after the heat-resistance test was also high. In addition,
the change amount between the reflectances before and after the temperature and humidity controlled test was small,
and it was found that the reflectance was stable.
[0071] It can be seen from the above results that, in Examples according to the present invention, a Ag alloy film (Ag
alloy reflective film) having high reflectance and superior heat resistance and environment resistance, and a sputtering
target capable of forming the Ag alloy film (Ag alloy reflective film) can be provided.

(Example 2)

[0072] Next, the results of evaluation tests will be described in which the effects of the sputtering target for forming a
Ag alloy film and the Ag alloy film (Ag alloy conductive film) according to the present invention were evaluated.

<Sputtering Target for Forming Ag Alloy Film>

[0073] As raw materials to be melted, Ag having a purity of 99.9 mass% or higher, and Sb and Mg having a purity of
99.9% mass% or higher were prepared and were weighed so as to obtain a predetermined composition shown in Table 4.
[0074] Next, using a melting furnace, Ag was melted in an inert gas atmosphere, and then Sb and Mg were added to
the obtained molten Ag and were melted in an inert gas atmosphere. Next, the molten alloy was cast into a mold to
obtain an ingot having a composition shown in Table 4. More specifically, during the melting of Ag, a vacuum atmosphere
(5310-2 Pa or lower) was made first, and then the vacuum was replaced with Ar gas. In addition, the addition of Sb and
Mg was performed in an Ar gas atmosphere.
[0075] Next, the obtained ingot was cold-rolled into a sheet at a rolling reduction of 70%, and the obtained sheet was
subjected to a heat treatment of being held in air at 600°C for 2 hours. Next, the sheet was subjected to machining. As
a result, sputtering targets having compositions of Examples 11 to 17 according to the present invention and sputtering
targets having compositions of Comparative Examples 11 to 14 were prepared, for all of which the diameters were 152.4
mm and the thicknesses were 6 mm. In addition, as Conventional Example, a sputtering target formed of pure Ag (having
a purity of 99.9 mass% or higher) and having the above-described dimension was prepared.

<Ag Alloy Conductive Film>

[0076] Using the above-described sputtering targets of Examples 11 to 17 according to the present invention and
Comparative Examples 11 to 14, Ag alloy films (Ag alloy conductive films) were formed under the following conditions.
[0077] Each of the above-described sputtering targets of Examples 11 to 17 according to the present invention and
Comparative Examples 11 to 14 was soldered to a backing plate of oxygen-free copper using an indium solder to
constitute a target complex. This target complex was mounted on a sputtering device to perform sputtering under
conditions of: a distance from a glass substrate (EAGLE XG, manufactured by Corning Inc.) of 70 mm; a power of DC
250 W; an ultimate vacuum degree of 5310-5 Pa; and an Ar gas pressure of 0.6 Pa. As a result, a sample was prepared
in which a Ag alloy film (Ag alloy conductive film) having a thickness of 100 nm was formed on a surface of the glass
substrate.
[0078] The above-described sputtering target of Conventional Example was soldered to a backing plate of oxygen-
free copper using an indium solder to constitute a target complex. This target complex was mounted on a sputtering
device to perform sputtering under the same conditions as above. As a result, a sample was prepared in which a Ag
film (Ag reflective film) having a thickness of 100 nm was formed on a surface of the glass substrate.
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<Specific Resistance Value after Film Formation>

[0079] The sheet resistance value of each of the above-obtained Ag alloy film (Ag alloy conductive film) and the above-
obtained Ag film (Ag reflective film) was measured using a four-point probe method to calculate a specific resistance
value. The obtained specific resistance value after film formation is shown in Table 4.

<Temperature and Humidity Controlled Test>

[0080] The above-described sample was left to stand in a thermostat at a temperature of 85°C and a humidity of 85%
for 250 hours.
[0081] When the appearance of the sample after the temperature and humidity controlled test was visually inspected,
a sample in which there was no change in appearance before and after the temperature and humidity controlled test
was evaluated as "B", and a sample where dark spots or turbid points formed by corrosion were observed was evaluated
as "C". The evaluation results are shown in Table 4. FIG. 1 shows an example whose appearance observation result
was evaluated as "B". FIG. 2 shows an example whose appearance observation result was evaluated as "C". Here, a
dark shade in FIGS. 1 and 2 is a shade of a camera lens, and small and large white circles in FIG. 2 are turbid points.

<Salt Water Test>

[0082] By using a glass substrate provided with an ITO film (thickness: 10 nm) as a substrate, a Ag alloy film (Ag alloy
conductive film) and a Ag film (Ag conductive film) were formed so as to prepare samples.
[0083] These samples were dipped in a 5% NaCl aqueous solution for 12 hours and were pulled out. Next, the
appearance was visually inspected and was observed using an optical microscope. A sample where no change in the
appearance was found in the optical microscope observation was evaluated as "A". A sample where a decrease in gloss
was not found in the visual inspection but a dark spot was found in the optical microscope observation was evaluated
as "B". A sample where a turbid point formed by corrosion was found in the visual inspection was evaluated as "C". The
evaluation results are shown in Table 4. FIG. 3 shows an example whose appearance observation result and optical
microscope observation result were evaluated as "A". FIG. 4 shows an example whose appearance observation result
and optical microscope observation result were evaluated as "B". FIG. 5 shows an example whose appearance obser-
vation result and optical microscope observation result were evaluated as "C".
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[0084] In Comparative Example 11 in which the Sb content was lower than the range of the present invention, after
the temperature and humidity controlled test, corrosion was observed in the appearance observation, and it was found
that moisture resistance was insufficient.
[0085] In Comparative Example 12 in which the Sb content was higher than the range of the present invention, the
specific resistance value after film formation was high.
[0086] In Comparative Example 13 in which the Mg content was lower than the range of the present invention, after
the salt water test, corrosion was observed in the appearance observation, and it was found that salt water resistance
was insufficient.
[0087] In Comparative Example 14 in which the Mg content was higher than the range of the present invention, the
specific resistance value after film formation was high.
[0088] In Conventional Example in which pure Ag was used, after the temperature and humidity controlled test and
after the salt water test, corrosion was observed in the appearance observation, and the moisture resistance and salt
water resistance were insufficient.
[0089] On the other hand, in Examples 11 to 17 in which the contents of Sb and Mg were in the range of the present
invention, the specific resistance value after film formation was low, and after the temperature and humidity controlled
test and after the salt water test, corrosion was not observed in the appearance observation.
[0090] It can be seen from the above results that, in Examples according to the present invention, a Ag alloy film (Ag
alloy conductive film) having a low specific resistance value and superior moisture resistance and salt water resistance,
and a sputtering target for forming the Ag alloy film can be provided.

(Example 3)

[0091] Next, the results of evaluation tests will be described in which the effects of the Ag alloy film (Ag alloy semi-
transparent film) formed using the sputtering target according to Example 2 were evaluated.

<Ag Alloy Film (Ag Alloy Semi-Transparent Film)>

[0092] The above-described sputtering target was mounted on a sputtering device to perform sputtering under con-
ditions of: a distance from a glass substrate (EAGLE XG, manufactured by Corning Inc.) of 70 mm; a power of DC 250
W; an ultimate vacuum degree of 5310-5 Pa or lower; and an Ar gas pressure of 0.6 Pa. As a result, a sample was
prepared in which a Ag alloy film (Ag alloy semi-transparent film) having a thickness shown in Table 5 was formed on
a surface of the glass substrate.
[0093] In addition, using the above-described sputtering target of Conventional Example, a sample was prepared in
which a Ag film (Ag semi-transparent film) having a thickness shown in Table 5 was formed on a glass substrate under
the same conditions as above.
[0094] The thickness of the Ag alloy semi-transparent film was measured as follows. Using a spectroscopic ellipsometer
(for example, UNISEL NIR AGM, manufactured by HOR1BA Jobin Yvon), optical parameters δ and ψ of the Ag alloy
semi-transparent film formed on the glass substrate were measured in a wavelength region of 260 nm to 2100 nm. The
thickness was calculated from analysis of the optical parameters δ and ψ. Further, the thickness of the Ag alloy semi-
transparent film was also obtained by observing a cross-section of the film using a transmission electron microscope
(TEM). A sample for observing the cross-section using the TEM can be prepared using, for example, a cross-section
polisher (CP) or a focused ion beam method (FIB).

<Specific Resistance Value after Film Formation>

[0095] The sheet resistance value of each of the above-obtained Ag alloy film (Ag alloy semi-transparent film) and the
above-obtained Ag film (Ag semi-transparent film) was measured using a four-point probe method to calculate a specific
resistance value. The obtained specific resistance value after film formation is shown in Table 6.

<Measurement of Transmittance>

[0096] Using a spectrophotometer (Ubest Series, manufactured by JASCO Corporation), the transmittance of each
of the Ag alloy film (Ag alloy semi-transparent film) and the Ag film (Ag semi-transparent film) was measured in a
wavelength region of 850 nm to 350 nm. During the measurement of the transmittance, the measurement was initially
performed in a hollow state where the substrate was not set in the spectrophotometer so as to perform calibration of the
spectrophotometer. Next, the transmittance Ts of the glass substrate on which the Ag alloy film (Ag alloy semi-transparent
film) and the Ag film (Ag semi-transparent film) were not formed was measured. Next, the transmittance Tt of the glass
substrate on which the Ag alloy film (Ag alloy semi-transparent film) and the Ag film (Ag semi-transparent film) were
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formed was measured. Next, the transmittance Tf of each of the Ag alloy film (Ag alloy semi-transparent film) and the
Ag film (Ag semi-transparent film) was calculated from Tf=Tt/Ts. Table 6 shows the measurement results. The trans-
mittance values shown in Table 5 are average values in a wavelength region of 850 nm to 350 nm.

<Temperature and Humidity Controlled Test>

[0097] The above-described sample was left to stand in a thermostat at a temperature of 85°C and a humidity of 85%
for 250 hours.
[0098] The specific resistance value and the transmittance Tf1 of each of the Ag alloy film (Ag alloy semi-transparent
film) and the Ag film (Ag semi-transparent film) after this temperature and humidity controlled test was measured using
the same method as above. The measurement results are shown in Table 6.
[0099] A change rate of the specific resistance values before and after the temperature and humidity controlled test
was obtained. In addition, a change amount (Tf1-Tf0) between the transmittances before and after the temperature and
humidity controlled test was obtained. The change rate of the specific resistance values and the change amount between
the transmittances before and after the temperature and humidity controlled test are shown in Table 6.

[Table 5]

Component Composition of Target

Thickness (nm) of Ag 
Alloy Film (Ag Film)Sb 

(at%)
Mg 

(at%)
Ag

Sb/Mg 
Composition 

Ratio

21 0.20 0.20 Balance 1.0 15

22 0.50 0.20 Balance 2.5 15

23 1.00 0.20 Balance 5.0 15

Examples According to 
Present Invention

24 2.00 0.20 Balance 10.0 15

25 0.50 0.05 Balance 10.0 15

26 0.50 0.50 Balance 1.0 15

27 0.50 1.00 Balance 0.5 15

28 0.50 0.20 Balance 2.5 10

29 0.50 0.20 Balance 2.5 5

21 0.03 0.20 Balance 0.2 15

Comparative Example
22 3.50 0.20 Balance 17.5 15

23 0.50 0.01 Balance 50.0 15

24 0.50 3.00 Balance 0.2 15

Conventional Example Pure Ag (Purity of 99.9 mass%) 15
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[0100] In Comparative Example 21 in which the Sb content was lower than the range of the present invention, the
change between the specific resistance values before and after the temperature and humidity controlled test was large.
[0101] In Comparative Example 22 in which the Sb content was higher than the range of the present invention, the
specific resistance value after film formation was high, and the transmittance was low. Further, the change between the
specific resistance values before and after the temperature and humidity controlled test was large.
[0102] In Comparative Example 23 in which the Mg content was lower than the range of the present invention, the
change between the transmittances before and after the temperature and humidity controlled test was large.
[0103] In Comparative Example 24 in which the Mg content was higher than the range of the present invention, the
specific resistance value after film formation was high, and the transmittance was low. Further, the change between the
specific resistance values before and after the temperature and humidity controlled test was large.
[0104] In Conventional Example in which pure Ag was used, the changes between the specific resistance values and
the transmittances before and after the heat treatment were large.
[0105] On the other hand, in Examples 21 to 29 in which the contents of Sb and Mg were in the range of the present
invention, the specific resistance value after film formation was low, the transmittance was high, the specific resistance
values and the transmittances before and after the temperature and humidity controlled test were stable without a
significant change.
[0106] It can be seen from the above results that, in Examples according to the present invention, a Ag alloy film (Ag
alloy semi-transparent film) having a low specific resistance value, high transmittance, and superior heat resistance,
moisture resistance, and salt water resistance, and a sputtering target for forming the Ag alloy film can be provided.

INDUSTRIAL APPLICABILITY

[0107] By using the sputtering target for forming a Ag alloy film according to the present invention, a Ag alloy film, a
Ag alloy conductive film, a Ag alloy reflective film, and a Ag alloy semi-transparent film can be formed, in which various
resistances are superior and optical characteristics are stable even during long-time use.

Claims

1. A sputtering target for forming aAg alloy film, the sputtering target comprising, as a composition,

0.2 at% or higher and 2.0 at% or lower of Sb,
0.05 at% or higher and 1.00 at% or lower of Mg, and
a balance consisting of Ag and inevitable impurities.

2. The sputtering target for forming a Ag alloy film according to claim 1,
wherein an atomic ratio of Sb to Mg satisfies 1.0≤Sb/Mg≤40.0.

3. AAg alloy film which is formed using the sputtering target for forming aAg alloy film according to claim 1 or 2.

4. A Ag alloy reflective film which is formed using the sputtering target for forming a Ag alloy film according to claim 1 or 2.

5. AAg alloy conductive film which is formed using the sputtering target for forming a Ag alloy film according to claim 1 or 2.

6. A Ag alloy semi-transparent film which is formed using the sputtering target for forming a Ag alloy film according to
claim 1 or 2.

7. The Ag alloy reflective film according to claim 4,
wherein a reflectance in a wavelength region of 405 nm to 550 nm is 85% or more.

8. The Ag alloy conductive film according to claim 5,
wherein a specific resistance is 10 mΩ·cm or lower.

9. The Ag alloy semi-transparent film according to claim 6,
wherein a thickness is 15 nm or less, and
an average transmittance in a wavelength region of 350 nm to 850 nm is 35% or more.



EP 2 949 780 A1

18



EP 2 949 780 A1

19



EP 2 949 780 A1

20



EP 2 949 780 A1

21



EP 2 949 780 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 2 949 780 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 2 949 780 A1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2013010070 A [0002]
• JP 2014004584 A [0002]
• JP 2012059576 A [0009]
• JP 2006245230 A [0009]

• JP 2004322556 A [0009]
• JP 2009031705 A [0009]
• JP 4395844 B [0009]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

